Male breast cancer (MBC) accounts for 1% of all breast cancer. Adult obesity and tallness are risk factors for MBC, but the role of adolescent fatness is largely unknown. We aimed to assess the association between body mass index (BMI) in adolescence and the incidence of MBC in a large cohort of 16-to 19-year-old Israeli males. 1,382,093 Jewish Israeli males aged 16-19 who underwent anthropometric measurements, a general intelligence test (GIT) and other examinations during 1967-2011, were followed up to December 31, 2012 for MBC incidence. Cox proportional hazards models assessed the association between adolescent BMI (as WHO BMI categories and as age-specific CDC percentiles) and time to MBC diagnosis, adjusting for sociodemographic covariates. Of 100 MBC cases diagnosed during 29,386,233 person-years of follow-up, 97 were included in multivariable analyses. Compared to "healthy" BMI (18.5-24.9 kg/m 2 ) and adjusted for year of birth, country of origin and GIT score, higher adolescent BMI was associated with higher MBC risk: hazard ratio (HR) 5 2.01 (95% confidence interval [CI] 1.14-3.55, p 5 0.015) in overweight (25.0 BMI < 30.0 kg/m 2 ) adolescents; and HR 5 4.97 (95%CI 2.14-11.53, p 5 0.0002) in obese (BMI 30.0 kg/m 2 ) adolescents. When CDC age-specific BMI percentiles were assessed results were similar and statistically significant for obesity. In addition, low (vs. high) GIT score (HR 5 4.76, 95%CI 1.96-12.50, p 5 0.001) and European (vs. west-Asian) origin (HR 5 1.99, 95%CI 1.19-3.34, p 5 0.009) were independent predictors of MBC. Measured adolescent overweight and obesity are associated with increased risk of MBC, suggesting a modifiable risk factor potentially allowing for early intervention. The novel association with cognitive function should be further explored.
Introduction
Male breast cancer (MBC) is a rare disease, and accounts for approximately 1% or less of all breast cancers.
1,2 Agestandardized incidence rates (ASRs) for MBC are generally low but differ by ethnicity and race. 3 In Israeli Jews the reported ASR for 2013 was 1.3/100,000. 4 Notably, incidence time trends of MBC seem to be increasing in industrialized countries, including Israel. 4, 5 The rarity of MBC and lack of data often led to extrapolations from female breast cancer (FBC) concerning etiology, behavior, management and prognosis. Studies addressing sex characteristics of breast cancer [6] [7] [8] [9] concluded that the biology of MBC resembles that of late-onset FBC, 7, 8 and suggests common risk factors. 7 However, MBC is usually diagnosed at a later age and at a more advanced stage than FBC. Fentiman 9 who reviewed the genetics of MBC and FBC concluded that MBC was more often the result of BRCA2 mutations than FBC, and that the effects of single nucleotide polymorphisms differed by sex. 9 Several risk markers/factors have been established for MBC, including age (advanced), origin (African), family history (in males and females), having specific gene mutations (e.g., BRCA2) or chromosomal abnormalities (e.g., Klinefelter syndrome), hormonal imbalance (e.g., intake of external estrogens, testicular impairments, liver disease), adult obesity, adult tallness, gynecomastia and diabetes. Other suspected etiologies include a sedentary lifestyle, reproductive factors (i.e., never having children) and certain occupational exposures. 5, [10] [11] [12] The association of adult overweight and obesity with MBC is well established. Brinton et al. 5 recently published results of a pooled analysis based on data from 11 case-control and 10 cohort investigations, involving in total 2,405 MBC patients and 52,013 control subjects. Based on these data, the covariate-adjusted pooled odds ratio (OR) for MBC associated with adult body mass index (BMI) (highest vs. lowest tertile) was 1.30 (95% confidence interval, CI, 1.12-1.51), and that for adult height (highest vs. lowest tertile) was 1.18 (95%CI 1.01-1.38). Six of the pooled cohort studies provided self-reported data on BMI at ages 18-21 y, and the risk estimate for adult MBC associated with the highest vs. lowest tertile of adolescent BMI was 1.11 (95%CI 0.78-1.60, p for trend 5 0.56). The authors concluded that proximal (adult) rather than distal (adolescent) BMI is a risk factor for MBC and that the effect size is similar to that of obesity with respect to postmenopausal FBC. 5 Early life exposures may affect adult susceptibility to chronic diseases, 13 and concerning MBC, adolescence may be of particular importance given the increased hormonal activity and high cellular proliferation rate. While the association between adolescent fatness and adult FBC is well established as inverse in premenopausal women, 14 no study to date has addressed the question of measured adolescent BMI and MBC risk. The pooled analysis that used recalled data on adolescent BMI 5 and showed no association with adult MBC may have been hampered by recall bias. The aim of our study was to bridge this knowledge gap and to assess the association between measured BMI in late adolescence and the incidence of MBC in a large cohort of 16-to 19-year-old Israeli males. Furthermore, we examined associations with ethnic origin and cognitive function.
Methods

Study population
Israeli adolescents are called up to military recruitment centers at around age 17 for a mandatory medical board examination to assess their fitness for military service. Fig. 1 ).
Follow up
The cohort was linked to the Israel National Population Registry using the unique personal identification number given to all Israeli citizens at birth or immigration, to ascertain the vital status of the participants by December 31, 2011. Follow up for cancer incidence commenced at the date of the medical examination, and terminated on December 31, 2012, or the date of death, or of the first diagnosis of any cancer, whichever occurred first.
Ascertainment of MBC incidence
The cohort was similarly linked to the Israel National Cancer Registry (INCR A code for hypogonadism was available, although we were unable to ascertain a precise definition.
Socio-demographic and cognitive variables. Baseline adolescent data included year of birth; country of origin (father's place of birth or paternal grandfather's place of birth for fathers born in Israel) grouped into European (including countries of emigration from Europe), Asian (predominantly Western Asia), African (predominantly North Africa, excluding Ethiopia) or Israeli origin (missing in 8,104 examinees); years of education attained, categorized as 9, 10, 11 and 12 (missing in 1,571 examinees); residential socioeconomic status (SES) according to a 10-point Central Bureau of Statistics scale 18 which we grouped into low (1-4), mid (5-7) and high (8-10) (missing in 8,646 examinees) and urban or rural dwelling. 18 Cognitive function (missing in 11,972 examinees)
was assessed by the general intelligence test (GIT) which is administered by trained personnel during the pre-military recruitment examination. 19 It includes evaluation of language ability and intellectual performance, and comprises four subtests that (i) measure the ability to understand and carry out verbal instructions; (ii) assess verbal abstraction and categorization; (iii) assess mathematical reasoning, concentration and concept manipulation and (iv) measure non-verbal abstract reasoning and visual-spatial problem-solving abilities. The sum of the scores of the four tests forms a validated measure of general intelligence (IQ) scored on a 90-point scale that is adjusted from time to time, and which we grouped as low (10-30), mid (40-70) and high (80-90). Birth order and family size were not included in the analyses due to 800,606 missing observations.
Statistical analysis
The characteristics of the participants are presented as arithmetic means (6SD) for continuous variables, or as percentages for categorical variables. Cox proportional hazards models were used to assess associations between the baseline adolescent anthropometric measures and time to MBC diagnosis. Covariates were initially introduced individually.
A multivariable analysis included variables which were associated both with BMI and with MBC in our dataset (country of origin, GIT). Year of birth was not significantly associated with MBC, but was with BMI, and was included in the model. Multiplicative interaction between BMI and year of birth was examined. In tests for trend we used the ordinary BMI (kg/m 2 ) as well as the exact CDC-BMI percentiles introduced as continuous variables into the relevant models. To test for a nonlinear association, the addition of a quadratic BMI term (for both the continuous WHO-BMI and the CDC-BMI variables) was assessed.
Spline modeling of the hazard ratio of MBC by WHO-BMI and CDC-BMI was conducted. A competing risk analysis, accounting for other cancer diagnoses and all-cause mortality, was carried out (PROC PHREG, SAS 9.4).
A sensitivity analysis restricted to patients with infiltrating ductal tumors was conducted.
Analyses were done with IBM-SPSS software, version 23.
Ethical concerns
The study was approved by the Israel Defense Forces Medical Corps Institutional Review Board, which waived the requirement for individual informed consent.
Results
The 1,382,093 cohort participants were followed for a total of 29,386,233 person-years, during which 100 incidence cases of MBC were diagnosed. The mean follow-up (6SD) was 21.3 6 12.5 years. The participants' mean ages at examination and at the end of the follow-up were 17.3 6 0.4 and 38.6 6 12.6 years, respectively.
Characteristics of the study sample
The majority of participants were of European origin (40.4%) while the proportion of Israel-origin subjects (at least 3rd generation) was the lowest (5.8%). Most participants (73.2%) attained 12 years of schooling, with the proportion increasing across calendar time. A fifth (21.7%) was categorized as high residential SES while a lower proportion (15.1%) was classed as high GIT. Based on the WHO-BMI categories and the CDC-BMI percentiles, 13.3% and 7.7%, respectively, were defined as underweight, and 2.9% and 4.5%, respectively, as 
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obese. Mean BMI was 21.7 6 3.4 and mean height, 173.6 6 6.8 cm ( Table 1) .
Characteristics of the MBC patients
The mean age at baseline of the 100 MBC patients was 17.4 6 0.5 years, and 46.9 6 8.7 years at MBC diagnosis. Mean follow up time was 29.5 6 8.6 years. Most (75%) of the 100 MBC cases had infiltrating ductal carcinoma as is the case with FBC, five (5.0%) cases were diagnosed with an in situ tumor, and the rest were unspecified tumors of the breast. While the MBC case distribution was similar to that of the total cohort with respect to education and SES, cases were more likely to be of European origin and to have low GIT scores ( Table 1) . Two of the MBC cases developed a second primary tumor (prostate cancer in both), 23 years and 13 years following the initial diagnosis. (Fig. 2) . Use of the CDC-BMI disclosed similar findings (minimal risk at adolescent BMI percentile 34.1; significantly elevated risk at BMI percentile 76.2, figure not shown).
Unadjusted Cox analyses
European origin was associated with a consistently higher risk of MBC than each of the other three origin groups (compared to Asian origin, HR 5 1.72, 95%CI 1.05-2.83, 4 Residential socio-economic status. 5 p For trend was calculated based on the three GIT categories introduced as an ordinal variable. 6 The WHO-BMI variable is based on the WHO definitions for adults (kg/m 2 ): <18.5: underweight; 18.5-24.9: healthy weight; 25.0-29.9: overweight and 30.0: obese. 7 Addition of a quadratic term was not statistically significant (p 5 0.21). 8 The CDC-BMI percentile variable is based on the US-CDC age-specific BMI percentiles for males and grouped into: <5, underweight; 5 to <85, healthy weight; 85 to <95, overweight; 95, obese. 9 The CDC-BMI continuous variable is based on exact percentiles. Note: bold font represents p-values lower than 0.05 p 5 0.032). Low GIT, compared to high, was associated with substantially increased risk for MBC (HR 5 3.25, 95%CI 1.36-7.75, p 5 0.008), with a significant ordinal trend across the cognitive categories (p 5 0.007). Educational level, residential SES, year of birth and height were not associated with MBC risk (Table 1) .
Multivariable analyses
The multivariable model for the association between BMI and time to MBC diagnosis included year of birth, country of origin and GIT. Since SES, educational level and height did not affect the BMI coefficients they were excluded from the final model, which included 97 cases of MBC, 1,363,975 examinees and 28,899,744 PY of follow-up.
In Tables 2 and 3 we present two models, which differ by the definition of BMI. The first model applied the WHO-BMI categorical definition ( Table 2 ).
The second model included the CDC-BMI categorical variable (Table 3) . The results approximate those of the first model. Compared to healthy weight, overweight (HR 5 1.53, 4 Subjects with missing data for country of origin (N 5 8,104, 1 MBC) and for GIT (N 5 11,972, 3 MBC) were excluded from the analyses; in total 3 MBC cases had missing data leaving 97 cases and 1,363,975 participants in the analysis. Note: bold font represents p-values lower than 0.05 95%CI 0.76-3.06, p 5 0.235) and obesity (HR 5 4.65, 95%CI 2.38-9.07, p 5 6.48E-06) were associated with higher MBC risk (test for trend based on the exact CDC-BMI percentiles as a continuous variable, p 5 0.020 for the linear term and p 5 0.002 for the quadratic term). Associations of origin and GIT with MBC risk persisted as above (Table 3) .
Tests for interaction of the WHO-BMI and the CDC-BMI variables with birth year (p 5 0.215 and p 5 0.112, respectively) and country of origin (p 5 0.976 and p 5 0.823, respectively) were not statistically significant.
The results of the competing risk analysis, which accounted for other cancer diagnoses and all-cause mortality, were very similar to the results presented above (Supporting Information Table A1 ).
An analysis restricted to infiltrating ductal carcinoma cases (N 5 75) disclosed even stronger estimates, indicating that this histological type was the main driver of the associations observed. Table A2 (with BMI-WHO categories) and  Table A3 (with BMI-CDC percentiles) present the overall and the restricted models.
No excess MBC incidence was observed in men coded for hypogonadism (n 5 11,057; 1 case observed, unadjusted rate 0.38/100,000py vs. 0.34/100,000py in adolescents without hypogonadism (unadjusted HR 5 1.30, 95%CI 0.18-9.36, p 5 0.792).
Discussion
In this cohort of over a million Israeli males who were followed up for 21.3 years on average, measured adolescent overweight and obesity were substantively associated with increased risk for adult MBC, which comprised mostly ductal carcinoma, following adjustment for relevant covariates. European origin and having a low GIT score were found to be independently associated with MBC.
Adult obesity is a well-known risk factor for both MBC and postmenopausal FBC. 5 In postmenopausal women, the association may be mediated by the peripheral conversion of androgens to estrogens, known to increase the risk for a malignant transformation. 20 In men, a similar mechanism may exist. In the Male Breast Cancer Pooling Project, prediagnostic serum/plasma samples showed that circulating estradiol levels were associated with increased risk for MBC, with an odds ratio (OR) of 2.47 (95%CI, 1.10-5.58). 21 In obese men estrogen levels are high while testosterone and sex hormone binding globulin levels are low, resulting in higher bioavailability of estrogens 22 and higher risk for MBC. In addition, gynecomastia is a well-known risk factor for MBC 5, 9 and is more common in obese men. 9 While recalled adolescent obesity was not associated with MBC risk, 5 our results, based on measured adolescent anthropometrics, clearly point to adolescent overweight and particularly obesity as risk factors for adult MBC. The discrepancy may be explained by potential recall bias and misclassifications to which self-reported data relating to past BMI are prone. 23 Simmonds et al. 24 summarized that while childhood obesity is not a good predictor for adult obesity, adolescent obesity is. 24 In a subsample of our cohort, BMI at age 17 correlated with BMI at age 50 (Spearman's rho 5 0.53). 25 Thus, adolescent fatness could account for increased adult MBC risk through its association with adult obesity.
In FBC, however, the relationship with adolescent BMI is inverse for premenopausal events.
14 The reason may be the negative feedback on the hypothalamic-pituitary axis caused by the high basal levels of circulating ovary-produced estradiol in addition to the peripheral fat tissue synthesized hormones. This feedback mechanism results in decreased ovarian steroid production, normalized estrogen levels and decreased levels of progesterone, which promotes breast epithelial cell proliferation. This cascade may account for the observed reduced risk for premenopausal FBC in obese women. 26 In men, however, basal estradiol levels are lower, and obesity considerably increases these levels, 20 as is the case with postmenopausal women, consequently increasing the risk for breast cancer.
Sex differences between MBC and FBC include also tumor histology (although in both sexes ductal tumors are the most common form), level of receptor positivity, genetic predisposition and expression of certain proteins. 8 Therefore MBC should be further studied and characterized, as extrapolations from FBC may be misleading.
European origin in Jewish males participating in our study was associated with higher MBC risk. European origin mostly represents Ashkenazi Jews, who are at greater risk of harboring BRCA mutations; this finding may therefore reflect a genetically determined increased risk.
Cognitive function (GIT) unexpectedly showed a strong negative independent association with MBC, whereas independent associations of education and SES (both associated with GIT with Pearson correlations of 0.346 and 0.172, respectively, p < 0.001 for both) with MBC were weak. Whether GIT represents a more discriminating measure of SES, reflects deleterious health behaviors or some other explanatory mechanism such as future occupational exposures, 12 remains to be elucidated. Indeed, low IQ was shown to be associated with obesity among male (OR 5 1.44, 95%CI 1.36-1.52) and female (OR 5 1.61, 95%CI 1.51-1.73) adolescents; 27 however, since it was an independent predictor of MBC in our study, it may also be associated with acquiring additional risk factors for the disease. Unfortunately, we had no data to test this hypothesis. In women, SES and education were positively associated with FBC.
14 A 1997 IARC publication focusing on social inequalities and cancer 28 stated that while differences in cancer incidence are seen within industrialized countries by SES, the evidence is very limited as to which socioeconomic factors are of most importance, or whether it is the overall "package" of social inequality that mostly matters. 28 The main strength of our study is the use of a very large non-selective cohort, with measured anthropometrics and a long follow up. However, some limitations should be recognized. First, in this relatively young cohort the number of MBC cases, a rare disease of older age, was rather small. A longer follow up will increase the number of MBC cases. Second, we lacked data on weight change later on in life, which prevented us from examining the pathway by which adolescent obesity might affect the risk of MBC, in particular whether the "effect" of adolescent BMI is independent of that of adult BMI. We also had no data on other relevant risk factors for MBC such as Klinefelter syndrome, gynecomastia, family history of breast cancer or BRCA1/2 mutations. However, adjustment for origin included the predominantly Ashkenazi Europe-origin group and partially accounted for genetic predisposition. Hypogonadism appeared to play no role.
In conclusion, the key finding of our study is the novel identification of adolescent adiposity as a risk factor for MBC. This finding offers etiologic clues to a disease that is understudied and that is obviously not identical to FBC. Furthermore, as the prevalence of overweight and obesity is increasing, but is largely modifiable, there is an opportunity for early intervention. The strong independent inverse association of GIT with MBC is novel too and needs to be further explored.
